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Introduction 


Martin Marietta's study plan is submitted in accordance with 
DPD-696 (DR-1). The two major objectives of the plan are: to 
present our study approach, and to provide the standard for guiding 
the Liquid Rocket Booster (LRB) project. 

The plan presents our full compliance with the Request for 
Proposal (RFP) and its scope includes: (1) concise task plans; (2) a 
study flow diagram (depicting task interrelationships); (3) a study 
schedule of control points; (4) time-phased manloading and skills by 
task; (5) major subcontractors (with their areas of 
responsibility/management relationships identified); and (6) a list 
of required government-provided documentation. 

When approved by the Marshall Space Flight Center (MSFC) , the 
study plan will serve as the primary study control document for the 
MSFC Technical Manager and the Martin Marietta Study Manager. There 
are no technical considerations or constraints that preclude Martin 
Marietta from successfully executing this study. 

1. Task Plans 

The task plans (Figure 1-1) provide a comprehensive descrip- 
tion of the work to be performed. Each plan is presented on a fold- 
out sheet that shows the task description, approach, timeframe, 
inputs/outputs, manloading, and management lead responsibility. The 
task plans form a basic element of the study management and control. 

2. Study Flow Diagram 

A logic network depicting tasks/subtasks, interrelationships, 
and time-phasing, is described in Figure 2-1. 
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3. Study Milestone Schedule 

Figure 3-1 defines the milestones and timelines for all tasks 
and subtasks. 

4 . Time-Phased Man-Loading 

The tasks and labor classifications/skills required for this 
study effort are listed in Figures 4-1 and -2. 

5. Major Subcontractors 

The subcontractors who will assist us on this project are: 
Aerojet Tech Systems, Co.; Honeywell, Inc., Space and Strategic 
Avionics Division; and Pioneer Systems, Inc., Aerospace Recovery 
Division. Their selection was based on their past and current 
experience and performance on similar programs. Each subcontractor 
is uniquely qualified in the areas they will support. All three 
subcontractors will report directly to the study manager, Mr. Thomas 
Mobley. Figure 5-1 provides the scope, task descriptions, and 
schedules for each subcontractor. 

6. Documentation Required 

Data are required from the following studies as described in the 
RFP: (1) Space Transportation Booster Engines ( STBE) ; (2) Space 

Transportation Main Engines ( STME ) ; (3) in-depth analyses of the 

integration of candidate LRB concepts into the Space Transportation 
System (STS) flight system; and (4) the adaptation of LRBs into STS 
launch facilities and operations. 
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Study Task Summaries 


Contract Month 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Significant Milestones 

Orientation W 

Study Plan Update 

DR-1 7 







Prel Report DR-4 V 

Final 7 


1.0 Liqtrid Rocket Booster Trade Analyses 

1.1 Vehicle Requirements 

1.2 PreHminary Baseline Concepts Development 

1.3 Preliminary System Analyses 

1.4 Detail Trade Studies and Analyses 

1.5 Vehicle Trade and Analyses 

1.6 Configuration Evaluation Criteria Plan (DR-10) 


2.0 Pressure-Fed Propulsion System 

2.1 Pressure-fed Propulsion System Trades and Analyses 

2.2 Pressure -fed Booster Configtsation Trades and Analyses 

2.3 Technology / Advanced Development Requirements 


3.0 Evolution /Growth Potential 

3.1 Trajectory Performance Analyses 

3.2 Engine Growth Concepts 

3.3 Vehicle Concept Analyses 

3.4 Future Vehicle Application 

3.5 Future Vehicle Avionics Analyses 


4.0 Preliminary Analyses of STS Integration 

4.1 Environment Definition 

4.2 Loads / Dynamics Analyses 

4.3 LRB / STS Dimensional Analyses 

4.4 Mission Analyses 

4.5 Propellant Loading Analyses 

4.6 Impacts Assessment 


5.0 System Definition 

5.1 Vehicle Configuration Definition 

5.2 Vehicle System Analyses 

5.3 Vehicle Mss ion Analyses 

5.4 Performance Anomalies 


6.0 Supporting Studies and Coorcfi nation 

6L1 Past Studies and Programs 

6.2 STBE and STME Data Review and Monitoring 

6.3 Integration Study Coordination sand Support - Monitor 
and Review 

6.4 Launch Facilities and Operations Coordination and 
Support 


7.0 Projsct Planning Tasks 

7.1 Projsct Planning (DR-9) 

7J2 Schedules 

7.3 Facility Raqulramanta 

7 A Work Breakdown Structure & WBS Dictionary (DR-5) 

7.5 Project Coat Data (DR-6) 

7.6 Technology Reqiiremanta 

7.7 Environmental Analysis (DR-7) 

7.8 Systems Safety 

7.9 Major System Test Req u iremen ts 


1 

Config Evsl 


Criteria Pfen (DR-10) 


i, ::z:j 

i ... ,i 


Imp 


WBS 


Proj 

Plan DR-9 


Final WBS 
r Prel Dictionary 


Final Dictionary 
DR-5 


□ Enviro C 
*v Analysis 
“ DR-7 


Program 
- Coat DR -6 


Performance Review Docunents (DR-2) 
MortWy Progress Report (DR-3) 
Computer -A kted-De*ign-Grephic» (DR-8) 


7 

7 


PRECEDING PAGE BLANK NOT FILMED 
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ORIGINAL PAGE IS 
OF. POOR QUALITY 


! ! i ! ' i 

1 

! 

i 1 


ELEMENT CONTRACT MONTH 

OCT 

NCV 

cec 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUt 

TOTAL 

TASK 1 DENVER SUPPORT 

. 

275 

275 

275 ' 


-• -] 


- 

* 


825 

TASK 1 

854 

2518 

1865 

888 

787 

510 , 

* 

- 



7422 

TASK 2 

80 

180 

352 

364 

112 



- 

* 


1088 

TASK 3 

. 

128 

361 

349 

696 

476 , 

- 

- 

- 


2010 

TASK 4 


688 

693 

729 

574 

633 

355 

- 

- 


3672 

TASK 5 

. 

- 


- 

500 

1930 

2098 

2530 

466 


7524 

TASK 6 

80 

101 

64 

64 

79 

78 

78 

80 

78 

56 

758 

TASK 7 

240 

1003 

1199 

1635 

1595 

1463 

1995 

2029 

1278 

185 

12622 

OTS 

144 

43 

! 43 

*3 

43 

43 

43 

43 

43 

160 

648 

AEROJET SUBCONTRACT 


900 

900 

| 1119 

1127 

1000 

1000 

- 

: 

- 

6046 

HONEYWELL SUBCONTRACT 


484 

364 

1 364 

240 

360 

488 



- 

2300 

PIONEER SUBCONTRACT 



370 

! 370 

: 240 

240 


- 

- 

- 

1220 

CONTRACT MANHOURS 

1398 

6320 

6486 

' 6200 

j 5993 

6733 

6057 

4682 

1865 

401 

46135 

OVERHEAD MANHOURS 

234 

359 

! 296 

312 

! 283 

312 

312 

390 

r 312 

Li 2 

2872 

TOTAL STUDY MANHOURS ' 

1632 

» 6679 

1 6782 

6512 

1 6276 

7045 

6369 

! 5072 

1 2177 

i 463 

49007 


Figure 4-1 Task Level/Time-Phased Manhour Allocations 


TASK 

SR 

STAFF 

BSCR 

GROUP 

BSGR 

SR 

EN3R 

PROG 

R43R 

EST & 
LCC 

PLAN 

PROD 

OPS 

PO&E 


OTS 

TOTAL 

COM - 

HOURS 

O/H 

MGMT 

TOTAL 

STUDY 

HOURS 

1.0 

558 

1115 

2498 

2230 

990 

280 

576 


- 

- 

8247 

553 

8800 

2.0 


Bll 

326 

435 

- 

- 

- 


- 

- 

1088 

104 

1192 

3.0 


MEm 


EU 

- 

40 

- 


- 

- 

BlHH 


2293 

4.0 

EM 

WEEM 

PEI 

DU 

- 

- 

- 


- 

- 

■cftfcfel 

mw.m 

4010 

5.0 

732 

KEEEI 

EEi 


- 

- 

WltlW 


- 

- 

7524 

516 

8040 

6.0 

75 

149 

EM 

EM 

- 

- 

- 

12 

- 

- 

758 

175 

933 

7.0 

46 

92 

138 

184 


■ckiEl 

2194 

1248 

2300 

- 


T/tM 

13322 

DOaJveTTATDN 

- 

- 

- 

- 

- 

- 

- 

- 

- 

m:u:m 


129 

777 

SUBCONTRACTS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

CEW.-l 

74 

9640 

TOTAL INDIRECT 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

L3_ 


2872 

TOTAL 

ebj 

EEi 

EZ3ZH 



4134 

E5Z1 

imu 


648 


E 

49007 


Figure 4-2 Task Level Labor Classifications (Includes Denver IDOD) 
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Rev, 1 


Rev. 


SUBCON- 

TRACT 


TASK DESCRIPTION 


Aerojet 

(Subtask 

Support) 

2.1 


1,4, 1.5 


1.4, 1.5, 

1.6, 2.2 


2.2, 2.3, 
5.1, 5.2 

7.1 thru 
7.9 


Aerojet will perform five concurrent subtasks that define 
pressure-fed and pump-fed optimized propulsion system 
concepts. 

1 . Pressure-fed Propulsion System Trades, Analyses, and 
System Concept - Perform trade studies and analyses to 
determine an optimum pressure-fed propulsion system 
concept (i.e., chamber pressure, engine configuration, TVC 
systems, cost/schedule, etc.). 

2. Pump-fed Propulsion System Concept - Define an 
optimum pump-fed propulsion concept based on contractor 
supplied tank study and analyses data and on Aerojet prior 
in-house studies and programs. 

3. Booster Vehicle Configuration - Provide support to Martin 
Marietta in the trade analyses and the conceptual design of 
booster vehicle using both pump and pressure-fed propulsion 
systems and in the development of the selection criteria and 
weighting definition. 

4. Select Propulsion System Definition - Perform analyses 

and design efforts to define the selected propulsion system into the 
booster configuration and future growth concepts. 

5. Programmatics - Provide programmatic data on trade 
studies and selected propulsion systems (i.e., schedules/costs, 
technology requirements, test requirements, etc.). 


MONTHS AFTER ATP 
1 2 3 4 5 6 


7 


Honeywell 
(Subtask 
Support) 
1.4, 1.5 


3.5, 4.5, 
4.8, 4.9, 
5.4 


5.1 


7.1 thru 
7.6, 7.7, 
7.8, 7.9 


Honeywell will perform four concurrent subtasks that define the 
LRB avionics and flight control systems concepts to be 
integrated into the booster vehicle configurations. 

1 . Preliminary LRB/STS Flight Control /Dynamic Analyses - 
Support MMMA in detailed and vehicle trade analyses with 
preliminary flight control definition and dynamic analyses. 

Assess impacts of MMMA supplied LRB configurations on 
existing STS flight controls and determine the extent of 
modifications required and identify any enabling technology. 

2. Flight Controls Integration into LRB/STS Selected 
Configurations - Perform the preliminary integration tasks to 
incorporate the modified and/or new elements of the STS flight 
controls system into the LRB system. Verify the systems with dynamics 
analyses for both nominal and malfunctioning flights (engine-out). 
Prepare and outline flight control and avionics concepts suitable 

for LRB/STS growth and/or future vehicle application. 

3. Flight Controls/Avionics System Definition - Develop for the 
selected configuration, avionics systems definition including drawings 
and supporting analyses. 

4. Programmatics - Provide programmatic data on trade 
studies and selected flight control/avionics system (i.e., 
schedule/cost, technology requirements, test requirements, etc.). 


Pioneer Pioneer will perform three subtasks that define the LRB system 
(Subtask to be integrated into the booster vehicle configurations. 
Support) 


1.4, 1.5 
5.1 


7.1 thru 
7.6, 7.7, 
7.8, 7.9 


1 . Recovery System Trades - Perform analyses and trade 
studies to identify recovery concepts to recover all or part of the LRB. 
Trades will also identify cost/schedule and enabling technologies for 
each concept. 

2. Recovery System Definition - Perform design and analyses to 
define the selected concept from Task 1 which will include component 
definition, volume, weight installation requirements, etc. Support MMMA 
with integration of the system into the LRB vehicle design. 

3. Programmatics - Provide programmatic data on trade studies and 
selected recovery system (i.e., schedule/cost, technology 
requirements, test requirements, etc.). 


□ 


8 


14 


Figure 5-1 Subcontractor Study Tasks 




